REMARKS 



Reconsideration of this application is respectfully requested. 

Applicants acknowledge the allowability claims 1-7, 20-31 and 41-49 as indicated in the 
Office Action. 

Amendments to the Claims 

New claims 50-56 are added. Claims 50, 52 and 53 are supported by original claim 8 and 
by the specification at, for example, page 15, lines 29-31, page 16, lines 15-18 and page 17, lines 
15-19. Claim 51 is further supported by original claim 9. Claim 54 is supported by the 
specification at, for example, page 16, lines 9-14, 19 and 27-29. Claim 55 is supported by the 
specification at, for example, page 16, lines 19-26. Claim 56 is supported by original claim 12. 

The Examiner is thanked for pointing out the discrepancy in claim 13. Applicants have 
amended claim 13 for clarity. Although this amendment is made in response to a rejection under 
35 U.S.C. § 1 12, Applicants submit that the amendment is only for clarification of what would 
be readily apparent to persons in the art reading the disclosure, and that the amendments should 
not further limit the claims. 

Rejections under 35 U.S.C. § 112 

The August 6, 2004 Office Action rejects claims 8-12 under 35 U.S.C. § 1 12, second 
paragraph as being ambiguous. In particular, the Office Action states that it is unclear what 
modulators are referred to in the phrase "modulators of cellular accumulation mechanisms" and 
"modulator" in claim 8; and what "efflux mechanism" and "influx mechanism" are being referred 
to in claims 10-11. Applicants traverse and request reconsideration. 

First, applicants note that the term "modulator," as recited in claim 8, line 4 and claim 9, 
lines 2 and 3, refers to the "modulators of cellular accumulation mechanisms," recited in claim 8, 
lines 1-2. Accordingly, this particular rejection should be withdrawn. 

Second, as explained in the specification at, for example, page 15, lines 12-20 and page 
15, line 28 through page 17, line 24, cellular accumulation mechanisms include various transport 
systems within a cell that affect the accumulation of anti-tumor drugs (or other compounds) by 
altering the ability of the compound to move into and out of a tumor cell. Several such cellular 
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accumulation mechanisms are known in the art. By way of background, an excerpt from "The 
Encyclopedia of Cancer" describing one such efflux pump is attached. By altering drug 
accumulation, these mechanisms can adversely affect the effectiveness of a drug in treating a 
tumor. Additionally, it is known that it is desirable to maximize drug accumulation in tumor 
cells while minimizing drug accumulation, and hence toxicity, in normal host cells. 

Once a mechanism of resistance is determined for a tumor, the search begins for a way to 
reverse the resistance, or "modulate 11 it. Thus, the discovery of the efflux pump MDR triggered a 
large number of preclinical and clinical studies to find agents that would reverse or overcome the 
resistance. A "modulator" or "modulator of cellular accumulation mechanisms" is a chemical 
entity that modulates; i.e. changes, the expression or activity of adverse cellular systems, such as 
efflux or influx pumps, in tumor cells, or drug intake in healthy cells. If properly selected, a 
modulator enhances drug concentration in tumor cells or changes or reduces baseline drug 
concentration in normal host cells. It is known that modulators can be co-administered with anti- 
tumor drugs, and this is not infrequent in anti-cancer therapies. 

One of the insights of this invention is that it is the balance between influx and efflux that 
determines the net accumulation of drug within a tumor, and it is the net accumulation that is a 
determinant of response or resistance. Thus, while it might be useful to separately determine 
influx or efflux, the critical measurement would be net accumulation, which is elegantly probed 
by the radiolabeled version of the drug of interest. Therefore, the invention does not measure the 
activity of a specific modulator, efflux mechanism or influx mechanism, but rather measures the 
result, cellular accumulation, which is the determinative factor for evaluating a particular therapy 
regimen. 

As recited in claims 8-12 and new claims 50-56, the present invention includes a method 
for measuring the effectiveness of modulators and, therefore, potentially improving the efficacy 
of an anti-tumor drug. As described in the specification, by monitoring modulator effectiveness 
through measuring drug accumulation in a tumor or host cesll, suitable modulators can be 
selected. Persons skilled in the art would understand this and understand what is meant by 
"cellular accumulation mechanisms," "modulators," and "modulators of cellular accumulation 
mechanisms." Because these systems are known, claim 8, and claims dependent therefrom, are 
clear and unambiguous to persons skilled the art and the rejections should be withdrawn. (See 
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MPEP § 2173.02 ("In reviewing a claim for compliance with 35 U.S.C. 1 12, second paragraph, 
the examiner must consider the claim as a whole to determine whether the claim apprises one of 
ordinary skill in the art of its scope and, therefore, serves the notice function required by 35 
U.S.C. 112, second paragraph . . ."(emphasis added); Morton International Inc. v. Cardinal 
Chemical Co., 5 F.3d 1464, 28 USPQ2d 1 190 (Fed. Cir. 1993) ("Whether a claim is invalid for 
indefiniteness requires a determination whether those skilled in the art would understand what is 
claimed when the claim is read in light of the specification.")). 

Third, as mentioned above and described in the specification, various systems that affect 
drug accumulation are known in the art. Such systems include, for example, efflux pumps or 
transporters, which move drugs and other compounds out of a cell, and influx pumps or 
transporters, which move drugs and other compounds into the cell. These meaning of these 
terms would be well understood by persons of ordinary skill in the art. No specific efflux pumps 
or influx pumps are required by the invention; persons of ordinary skill in the art would know 
which mechanisms may be acting and which modulators may be useful in modulating activity of 
those mechanisms. Accordingly, claims 10 and 1 1 are clear and unambiguous to persons of 
ordinary skill in the art, and the rejections should be withdrawn. 

Finally, new claims 50-56 are set forth alternate language to define the method and more 
specifically recite MDR modulators. Applicants submit that these claims are similarly allowable. 

CONCLUSION 

All of the stated grounds of objection and rejection have been properly traversed, 
accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner 
reconsider all presently outstanding objections and rejections and that they be withdrawn. 
Applicants believe that a full and complete reply has been made to the outstanding Office Action 
and, as such, the present application is in condition for allowance. Accordingly, Applicants 
request that the Examiner indicate the allowability of claims 1-31 and 41-56 and the application 
pass to issue. If the Examiner believes, for any reason, that personal communication will 
expedite prosecution of this application, the Examiner is hereby invited to telephone the 
undersigned at the number provided. 
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Prompt and favorable consideration of this Amendment is respectfully requested. 



Respectfully submitted 



Date: December 6, 2004 





Keith G. Haddaway 
Registration No. 46,180 
VENABLE 
Post Office Box 34385 
Washington, D.C. 20043-9998 
Telephone: (202) 344-4000 
Telefax: (202) 344-8300 



DC2/576384 



- 13 - 



Appl. No.: 10/088,561 



BEST AVAILABLE COPY 




Joseph R, Bertmo 

The Cimcer Imunm of New jmhy 
Robert Wood JbKmon Medical School 
New B'mnsw^i, fJew Jersey 



ACADEMIC PRESS 

.X An imprint of Elsevier Science 
Amsterdam Boston London New York Oxford Paris San Diego San Francisco Singapore Sydney Tokyo 




BEST AVAILABLE COPY 



Multidrug Resistance I: 
P-QlyG<)protein 

Michael M. Qottesman 

Natiqmt Cancer -Institute 



I Role ofi the Multidrug. Efilux Pump, PrglycoproEein, 
in Multidrug Resistance in Cancer Cells 

\l Structure and Mechanism of Action 
of : P*glycqprdtein 

III. Normkl "Cellular Function of P-glycoprdtein 

IV. Roie/Ol. P-glycpprdteih In Drug;Pharrhacokine^t|cs 
\f. Implications pf Stud ies ^rv P-g^coproteirf for 

GLOSSARY 

a po ptosis A process of programmed cell deathstitmiJated by 
natural factors Or ant i cancer dru^s. 

ATP-bindmg cassette A protein a^uence foimtl "^ 
Ime'd iamily or pmtciivv which allows the cellular source of 
energy. ATP, co bind to these proteins and he utilized for 
various aansport process^. 

extracellular space The space between cells in Hffssiie, or 
outside uf a ceil growing in riisue culture, from., which drugs 
are taken up by a .tell 

hydrophobic. Of or relating :tb.-n : |^pe^y-<;>f-ittolecules that 
prevents them from dissolvii^ In water and -enables their so- 
lution In cell membranes, 



Induction. A form of regulation of gen© expression in-which 
an en vitehmcntat altera Licm {faaiuenity rite presence of a 
^Specific;" didmical): leBtk'. to -die - e>:presfi6n of a 'gene.? in die 
:ca?$ w dnijg. r»fe^c^:th.e:'cviV]it^l^ c&mpourid may turn 
pii.expr&ion of a. protective desossfrinf mnchvmfem. In 
.duct ion &\cf^i3^L^Vvitli\nttn£i^.d^ r ^ pfcnfianerit, In* 
.Itemed cru^i^ uv genes; which may result in drug Mi&arirc. 

lipid bilayer Tlje .&ikaicm .iaf-lSpi^ that.mMtes : up die 
jilnsma (butci) m&mhrahe of cells. -Phoiphdhpids tire 
arranged in. two layers j&tt&t: their polar •^nitcr-sgliiblc head* 
-are exposed. 10 either the inner (cytoplasmic) or the outer 
(cxoaceil itlarj wrfoce. 

multidrug: resistance The development of crass-resLsrance 
lo many deferent drugs/as. ihe result of a single biochemical 
change>or. a single genetic alteration:. In its inkiest sense, 
crO^re^istance should, refer to resistance to drugs with dtt* 
f&rcncsrructura! features and different cytotoxic targets: 

multifactorial multidrug resistance Resistance resulting 
from n chnngeMn many different resistance mechanisnis.noi 
a single mechanism, as Is the case in' classical mulndnig: 
resistance. 

natural product. A. phnrWicologieal agent that comes* from 
dic/rianrral environment nnd is nor synthesized de-noixi m 
the laboratory. 
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MULTIDRUG RESISTANCE h P - G LY CO V R Q T n J N 



P-glycoprotein An cnetgy-dependcnr, plasma membrane 
pump rcsjK?ns!bic<for multidnjs resismmte to many na rural 
product drugs arid their derivatives: In the human. 
P-filvcoprotem is the 1 250 smimii ncid product of* the 
MDM gene.. 

pharmacogenomfes A nw ijrjnn'Cotncd to mdicnrr thc 
study of those inherited changes in proteins arid in thcinc- 
tors rhat regulate their, cxprasion, which . account: for in- 
herited differences In metabolism, - uptake/dlscrihutton, and 
excretion qf drugs. 

photoafflnltyJabellng The, vise ofchc mica! compounds ihhi; . 
can W activated. by ii^ht so ss to, form chemical linkages 
with Other maaamolecules to.which they arc bound. When 
such photoaffinity l^heisrare nid*oactive> they can lie used 
to iden ri fy such himling ntacrom blcciiles* 

plasma membrane The lipid Bilayer 'ind j&obiatect- pro, 
tctniand: other molecu^ei that make up the ^ outer ^uriace of 
cells; 

substrate A molecule that neted upon by auiacmmdc' 
cute Jki:n5 to xltahge. its, chemical compo*kbn or to trans- 
port it . \vithfrii; into, across, or out of celfe. 

transgenic mice Mice whose- gene* nave: been altered in 
thc labomtojy to enahle the 1 study ui th& function 3$Vspe» 
cifc gene-.or genes: Transgenic tiiiee .may 'carrS^nttw^en^ 
or have altered genes, including alieVaaon^/thai: wuitiy 
knock out the- expre$$tp-n of specific Series* 

transmembrane domains Tliase. parts of proteins inserted 
thro the lipid fei layer of cVii riiembpn^ 

xenobibtics Chemical malwiats, usually nacuml products,, 
tteare;^ 

microo^ant^tis and^arejngested inadvertently, whereas* 
rOther*. arc used in the treatment of cancer and other 

diseases.:. 



M 



. ulcidrug resistance {< the phenomenon by 
which cancer cell? diapj.ay .sirniik.a'n^ resistance to 
.many different anticancer drugs char are chemically 
dissimilar and that do not have die same cytotoxic 
target within the cancer cell. It. is; now'&nitat' 
multidrug resistance can have many different causes, 
including failure of cancer cells to accumulate drug*, 
to metabolise them to toxic prod ucts^and to activate 
cell death pathway*, but for many years this phe- . 
nomenon. of broad dnig resismnce was mysterious to 
investigators who studied resistance to, anticancer, 
drugs. 



1, ROLE OF THE MULTIDRUG 
EFFLUX PUMP, P-G^ 
W MULTIDRUG RESISTANCE IN 
GANGER CELLS 

The; first big breakthrough in this field was made in 
1985 when three groups published the seqttence of ati 
energy-dependent .plasma; membrane transporter, 
or Prgtycpprotein, the product of the: KWR l gene; 
,P^glycdprotein could detect many different iipid>,soluhl.e 
anticancer dm^^^ du-cef t so as. 

to prevent accumulatioti to toxic levels (see Fig/ 1). 
Tfe relative -lack of Specificity of this transport pump, 
and the fact that many anticancer drug* are lipid^^ 
soluble natural proctactsy accouiited tor its ability to 
confer inulti^ cells.: Table I 

§umjn.ari2e^;5 of the known substrates, for ithe 
P-glyeoproteiti pump, which include not only anti- 
cancer drugs, ; but also many other important pharma- 
cologic: agent? in common use in the clinic. Subse- 
^uendyyc^^ pump were, 

^t^cjv&red, .'incluaing^Te: M^fiuii% of transporters. 

®nc;e antibodies and mote^u^ 
able for detection of P-glycbprotejn in cancer "cdk, it 
wa^po&ible to' ask wliether.cancers; front patients, 

tp anticancer drugs, ex- 
Rre^ecJ this efflnx pum^ li was known by the late' 
1580$ that many : clrffereitt kihdf o£;cancerf express. 




FIGURE: 1 Diogmm alliterating the p^teritiaLmcdwnism of action 
^f P^lvcoproicm 'tis it remavrs dnig3 v (sol id *qysrcs) from ihfc Ifpid hi- 
bycT, either & they are tfntermg rhe cell at itpkc they have accumu- 
lated inimccllularl^ Solid Une* represent ilkelv pathways of drugs 
thresh the m>nsj»5rter v Thc darted line another possible pathway 
m whiclf dm^ar e piiiii jted dir^ctl^bur'nir f^''cyu.tpl»5Xti« {From Qmiesr 
man, M. Kt, nnd PasTnn, 1 (\99'&) r rt pro5;.feiMirmc*.:>h^aiwii^ In 
ilitiil % uptakc;or c>tUTisi>n/'. m. ? te>xlopedis:hf <inceV^ VoL I, A~F 
0, Bcrrino, Ed.}= p. 555. Acadcmic^^ ^m .Dic^rj, CA.J 
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TABLE I 

Selected Subsiraies of p-glycoprolein 

Anriooncerdn**;^ 
Vinca Alkaloids {vincristine, ytr&!a^ltl*0 
Anthracyci ines; (duKimi&tn, daunarMliIitUv cpini&cin) 
EpipdidphvHoiojcifjS '(<tG|x»ldc.» '£etifpc3«fd&^ 
Paclitaxtl .{uixoj) 
Act ui.om ycin D 

Mfrftttriiyciiy 
Mitomycin C 
Other cvtoiaxic agents 
OtlcMcme 
Emeiine* 

Puromycm 
Cyci \t-iind = I inrar peptides; 
GriuniciHiit D 

N-AectyI~ieuoy I- 1 eucyl * norlteucinc 
Yeast- a -factor pteonsont 
HIV protease inhibitors 

Indinavir 
Saquinavir 
'Other cnnipatin& 

RKodamihe 123 
Gakein; ; AM 



l^glycoprdtein at levels high enough 10 confer resis- 
tance to ■anticancer drugs unci that the presence of 
R^glycoprotein frequently- correlated with resistance 
to drugs known to bit substrates for transport by 
P-^lycoprdtciri; For example, epithelial cancers of 
the colon* small intedtine, pancreas, adrenal, and kid' 
ney, derived from tissues that normally express 
^'glycoprotein, usually expressed high levels of diis 
cranspprter. Although P-glyedprotem pump activity is 
not the only reason for die. multidrug: resistance of 
these epithelial tumors, • expression of ^glycoprotein 
does appear to be.a harrier to .effective- therapy in che^e : . 
centers \vith many different stand^d : aikicancer drugs. 
Some cancers, which did not express high levels of 
P'glycoprotein initially, began to express high levels 
after many cycles of selection in anticancer dnigs. Ex- 
amples include leukemias, lymphomas, myelomas, and 
ovarian cancer. In these cases, it is presumed that the 
toxic drug kills most of the sensitive cells in. the.orijg* 
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innl population,, and only those eells that express 
higher levels of P^glycppVorein, as a. result of a muta- 
tion in the. cancer c^U/^u^x^gvt^bcioh of expres- 
sion of this pump, are able to survive and multiply. Ev- 
idence suggests dint, to some extent, cytotoxic drugs 
can directly rum on the expression of P-gfycoprotein 
arid that to clini- 

cal multidrug; resistance in. some eases. However; in 
cultured cells;; the survivors of dnig selection appear to 
express Pf glycoprotein in a stable manner, thereby 
arguing in favor of select ion ofu-'r>reexisririg mutant 
cancer cell: rather than : an induction mechanism that 
would . not result in stable, I bn# term expression' of 
P^glyceyproteihi 

\Fih4ly» ; ^^j|e%rs; chat -the: malignant trahsfqrma^ 
tiqn pwe5s;it|elf;catV in turning, orvexpre^ion 
of the MDRf gene, Examples include some leukemias 
(especially the blast translprmation of cells, which 
occurs- im^ and neu- 

iobfastor^ why this 0Cr 

, curs, but .presumably the malignantly transformed 
state itself results in induction of the^P-glycopcoCeiin 
gene, and the. resiilttng tumor celte are ; inul rid rug re- 
sistanL Another pos sib ility. is; that expression of P- 
glycoprotein enhancesvthe malignant phenocype; 
Tliere- is- prelimihary evidence in-some model systems 
that e^pressibrt a 

tptic effect. T^t%e-obse^ with 
the idea that pTglycaprotein may facilitate cell sur- 
vival uvtumors\ 

An i mporta At. . unari^wered quest! on is whe tHer i in- 
hibiting the function of P-glycoproiem.in. tumor cells 
that express it will result in better responses to 
chemotherapy* ; Le M is P-glycopmrein ever limiting in 
deterrniiung die response to chemotherapy? Despire 
many clinical trials that have addressed this issue, the 
answer is. not yet available/ Until there are potent, spe- 
cific inhibitors of Prglycoprotein, Available, and these 
are.tested-ui.cMoeis- known to Express P^lycoprptetr)-, 
we will not have this answer PrcUrinnary studies for 
some, leukemias and myelomas suggest that improved 
response is possible when R-glycoprotein is inhibited, 
hut the response in epi die! ml tumors seems minima L 
Presumably this; is. be cii use intrinsic multidrug resis- 
tance in epi rhcUal eel Is is mul tifactorial, whereas resis- 
tance diat occurs. in cancers selected with anticancer 
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drugs is morj > , jkety t0 fae due ^ a sjngj . a(us .. 
ever, despite the feet that inhibiting glycoprotein in 
.epitnelia! cancers' does not sensitize these- cancers to 
^Wrtl.iJipaH^anUcanc^ d n .«s,-it will bevnecesjiry in. 
designing new drugs to; keep, in mind the- presence of 
this, drug eillux pump betause.drugs that do not accu-- 
mulatcin cells amnpr lull them: 



II, STRUCTURE AND MECHANISM 
OF ACTION OF. P-OLYCOPROTEIN 

The discover of a pump, dint tan. recognize and ev- 
r nU ? V di ff rent ™*«Ml% drug, led.- naturally to 

he_recoen^d b> one protein and how the energy df 
AH vvas harnessed- to #.e,p U mp process. The first 
|tep ^;;ta,c,- ea te a model of lipoprotein based 
on .tsclinown-amina acid xsequenc* . in the- human 
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P'Slvxoprotei t1 is encoded by 1 280 amino acids. A to- 
r ?■ & VSmnts consist. mostly of water-insoluble 
ammo ; acid, which would be ixpectcd to 'cross, the 
plasma .membrane of the cell; & 0 f these are in the 

IO a?toon - ******* -ery similar to 
: Al i.-bmdm^regtom of bdicli pmteuis; and in particu- 

a large family pf proteins, (approsimatelv 50 are en- 
podeoVin the, human genome) involved in cner-v- 
dependent Import acr^cfcUute membmnes. This , am- 
•J * teown ^ ATPa n dinsca.,,erre(ABC)fomi!v 
2??* A K f^rical structured P*lve0p«Kein 

by data using specific antisera 'i* shofeih 
_B a scd on Thatoaffmity-!^ , 

glycoprotein axid on mum 
' cionalana ^ in ,y}ii.ch individuahmirio aci d s ir y the 




(») POINT MUTATIONS 

feU PHOTOAFFINITY LABELED REGIONS 
((Pj) PHOSPHORYLATION SITES 




tou* f k* php.pbwjfaij^ Sil « art.tu.w,^ a-cfaW p Bba a boL 2 m^, " l^f s'v°^»n rice*** ind, CaM( j hjr ^uf^y 
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it appears that die majdr drug interaction sites on 
P- glycoprotein are in die transmembrane -segments. This 
inionnarion, plus the knowledge diat P-glycpprotein is 
able to decrease the rate of inflitx of ifeigs as well as in- 
crease their ram of efflux/ and soinLvsaiclies showing a 
direct interaction of drugs dissolved in the plasma 
membrane with E-gtycoprprein, has led to a:modd of 
P-glycoprotein -as 3 iiydrpphobfc "ynphiin' deanet-' Jix 
Other words, P-g-lycpprbtein detects, and ejects, drugs 
while rhey; are -stil I in the lipidhilaver (see jFig. 1). The 
specific drug intenKrion.sit&ori ^gjycojKOteM appe^ 
to be qui te complex : and doriitk ci£ a^efies of dvc dap- 
ping hydrophobic sites; viafcKin the. pftrts of the protein 
that traiisit die plasma \m^nbi9n&r71d5 modelexplains- 
the rather broad su ferrate, speci ficity of P-glycopfocein , . 
as the important in teracdmis are hydrophobic and not 
ionicyTheg^ml find 

peods more; on hydropliobiciry and sfceand shape; rather 
than specific :chemistry is aiso consistent -with, this- 
-hypothesis. 

^eprescijce M » ATj^^ on 
P'glycoprdi6u> has also beeiry pulling; Data suggest that 
ABC cassette proteins require hydrolysis of two mole- 
cuks of ATP to transport a Sm^ 
arid data based on the transport of vinblastine by 
P-sh^.op^tein are consistent wtrh dils generalization. 
Why two molecules of ATP? Hydrolysis of one rnqlecu ie 
of ATP ^ppeaii to be sufficient to reduce the affiriiry -of- 
P-glycopfotein for its s^ihsrrares \vKicH probably corre- 
sponds ro the change in shape that the pump undergoes 
as ir excrudes dru^ from the: lipid bilayet into die 'extra- 
cellular space; ' Very recent evidence j^in^ ro liie^need. 
for hydrolysis'of second molecule of ATP so that die 
pump can return ro ; its initial high -jiffinity binding state 
and begin d ie pumping cycle nil over again . Additional 
experimeiital evidence points to the need for two func- 
tional ATP. sit^ {inaenv^non of one site results .ip loss 
of pump* mncti0h);,a5VTOmetrv^ of the vm sites* and the. 
alternating action of these two sites- so that ATP hy- 
drolysis cannot-occur at both sites at the same time. 

111. NORMAL CELLULAR FUNCTION 
OF P^GLYCOPROTEIN 

The discovery of P-gtycQproteiti and its ability to rec- 
ognize dozens, and/perhaps hundreds of srrucmrally 
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dissimilar compounds', raised ;<^est ions hot phiyabaut 
its -mechanism of action, but tibouthow k had evolved 
and what its normal function might be. The • finding 
diar : ail Jiving organisms* so far 'studied, ;frpm bacteria 
to/huni^ns- have :'punips similar/to P-glycoprotein5vjc»- 
gested that free living. cells eould not survive without 
a.broad-speptmm pump for hydrophobk compounds; 
Whecher. this reflects the ubi^uLcoiis presence pf toxic 
xenobjotics in the environment (most pPwhich are 
themselv^- tlte nrMiictsof fife forms : and may be/parr, 
of the: armaments of battle used as organisms strive ro 
gain a selective advantage in their biological niches) 
or an intrinsic requirenienDfor MDR gene^.to riiaiiv 
tain;.^pulaj integr%- is- sdit rtbt known with cer> 
^iriry. However, .genetiepl ly -engineered organisms 
suclvas transgenic micerlncking mdrl genes (irt the 
mouse, there are two niih I genes, called mdtld and 

lacking MDft/ expression,: Survive, with, normal life 
,sp^% : siiggesting that there; is no absolute require- 
ments for>IDK! expression In eel is, Moreover, -toiee 
:withont fuiietip genes are exquisitely s^ 

: tiye toxercatn xeii^biotics, 'but carry ori other eel Kir 
lar functions with rcaspria b le efficl encvv Becsi use nrany 
transport Unctions of Prglycoprotein in mammals are 
redundant with other ARC. transporters,, especiaily 
the system, it;&'-5till Rossifele. thai every Jiving 
cell, needs one or another member ,-of this; class of 
transporters : to; s u rv i ve. 

What sort of evidence exists sugges ting eel hilar func- 
tions: fqr P- glycoprotein 'other than, ,to, protect .cells 
trom^cdite • effects- of xejabbiorics? In general, overcx- 
pression of P*glycoprocein after gene transfer into var- 
ious cell types or after: selection in. cytotoxic drugs has 
been used to study the effect of P'glycoptoreiri ori cel- 
lular processes. Under these cpnditioiiSj.k 
show a.reduction mscnsittytty to appptosis in lym- 
phoid cells, resistance to certain enveloped viruses, in- 
cludmg HIV,- arid altered plasma membrane lipid com- 
position.. Early studies of P-gl^pprorjeiri-expresoing cells 
-suggested a cprrelariqri \virh the metastatic potential of 
cancer cells. Use of inhibitors of P-glycopiotein results 
in-altered cellular-functions; but there are probably no 
totally specific P-glycoprotcin inhibitors, that can give 
defihitive results about th^ mnccion^of P^glycoprciiein 
alone. Use of ribozymes and antisei\se technologies 
to eliminate P-giyeoprorein expression have so far not 
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totally eliminated the expression of P-glycoproteui, at- 
though some reductions in P^glycoprbtbih; levels have 
been possible M$mg;r,hisf approach. 

Once "ag^in, the use of mice lacking functioning 
mdrl genes 1ms proved useful in determining, the nor 
mal function of E-glycoprocan. A? noted, earlleg mdrl 
knockout mice live nontial life spans and/are sensitive 
to xenobipfe^ of the function .of 

. individual tissues chat norutally express {^glycoprotein 
suggest subtle alterations in 4mmune %5tenV':fuhction, 
not yer-clearly deft 
o/jepir^ 

kidney,, and pancreas. 



I V; ROLE OF P-GLYCOPRQTEIN 
IN DRUG PHATIMACOKINETICS 

The use of inhibitors of P-glyeppmteih arid the study 
of mdrl knockp^it mice have cbnfirhied Suspicions 
; frpm\the uutisd histoehem^^ 

MBRi pliyed ra^major role :in uptake, dbmhutipn, 
and excretion of toxic ^ndhiptics in mice and hu- 
mans. Lack of expression Afunctional P-glycoproteih 
in the gastmintesdhsi] tract dtamatioilly enliances. 
the absorption of several diffcrent'.drug^, including 
anticancer clqj^ sucJr a^ tax6l, the card i^ glycoside 
rdigqxin, and the ahdhiiUimine^'fe This is 

manifested as much: higher blood levels of diese com- 
pounds after, oral dosing. Furthermore, distribution of 
rsucfr. drugs in .te.^tly is?kltered^:ln, the' atente' bf: 
function- P*gl^proce.in, manifested as increased brain 
levels of compounds, such as .the antiheiminthic iver- 
mectin, the anticancer drug vinblastine, and the an- 
ridmrrheal narcotic analog ldperainide>pns is; attrib- 
uted to the abrogation of the blob^bmin barrier for 
these compounds due to die absence of P^lycoprotein 
in C3pillaxy endothelial cells in the brain, Similar 
effects, of loss .df .P-glycoprotein tit the placental barrier 
would be expected to result in increased teratogenic- 
ity of certajn,, compounds-, which are -P-glycoprotein 
substrates, arid perhaps toxic and/or mutagenic effects 
on germ cells in the testis and ovary. 

.peculating cells, such as T cells and macrophages,, 
'which normally express Prglycoprotein, might be-, 
come sensitised to drugs and xenobioctcs if their P- 
glycoprotein levels are altered. Because the HIV pro- 



tease, inhibitors are P-gtycoprotein substrates; this 
phenomenon has led toi the suggestion that. the cellu- 
lar qvailabtIity>.of drugs such as this could be manipu- 
lated by altering levels of functional ^glycoprotein, 
Gonvefc&tyi teststance to certain dnigs could occur at 
die : cejfular level because of variations in expression 
of P-glyeoproiein that might, be genetically deter- 
mined (see : later). 

Firiaj^ |^.the : 'Uvv'.(ih\b(!e) aiid kidney 

(in urjjje) of P^lycoprotein substrates is substantially . 
reduced for many;dnigs in mice. lacking l^lyeoprotein. 
This results in a decreased rate, of clearance for drugs 
and increased accumula idem of drugs in the bloo^sd^arh 
raid tissue^ Tims, use of inhibitors of F-glycoprotejn, 
or altenitions In levels of functional P-glycoprotein 
thatmiglu^ 

profound effects; on the blood and ■ tissue v 1 evets "of many 
different drup'^y iricf easing ^r^r^don, decreasing ex- 
cretion, atid Eltertng.distrihutipn into tissues; protected 
•by P-glycoprotein barriers or into cells- expressing 
■P^glycpprptem 
liiariied fa Fig., 3. 

Evidence is beginning to be published suggesting 
thai levels; o£ P-glycoprotein in the gastro intestinal 
tract may: vary-cohsidenlbiy from individual to tndi- 
vidual.vpernaps accounting for difTerences in -absorp- 
tion of drugs, that are primarily P-glycoprotein sub- 
strates; One study, suggests genetic linkage with a 
single nucleotide polymorphism dvat does nor change 
the: sequence .of Prglycoprotein » bur is^ presumably 
linked to; aibaker^tioh in regulatory region that 
controls levels of*P-^[ycoprotein in the gastrointesti- 
nal; tract. Several different coding polymorphisms of 
P-glycoprotein have been described, bin none to date 
have heehshawn to alter die ability of T- glycoprotein 
to pump drugs. Much more^vprk is needed in this im- 
portant area of pharmacogenetics. 

V. IMPLICATIONS OF STUDIES 
ON P-GLYCOPllOTEIK FOR 
TREATMENT OF CANCER 

As we assemble^ a more complete picture' of the 
biochemistry, pharmacology, 'and physiology of 
P-giycqprotem function, Ave can begin to make better 
guesses as to the role thar manipulation of the hADRl 
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FIGURE S Tlhc e^ct'^l^giv^rotcm on pjuum^^ Illustrated 
sch^ticnll^Tfec; multidrug, tsaii^sftcr iiftccw.<druR distHWt<m ; t|iTC»ii^«i(; iKt botl^ 



gene is likely to have in d*e;.ftituret^^ 

Some conclusions seem quire firm; whereas other are 

still *$peculaiive.. First* 'ifcseems: c!% die.P^lycpprdtein. 

is capable of conferring resistfinc^ tp uiany anticancer 

driven cancerxelk Tliu$; as new dn^ ^re devel^eci , 

it will be necessary to oWermm^ 

privity P these drug^fe 0^%^ By ; thi>- pr^eac:e of 

P^lyeo^rdteih- if, as seems likely fdrvthe. foreseeable:- 

ruture, :-;>ye:,continu(e to.be: dependent for die: treatment 

of cancer on. d ie exisdng : hydrbphobic natural pmducts, 

arid new dnigs .tHat are al^ 1^^^ 

then we will have to team to inhibit ^-glycoprotein, 

aud its many molecular analogs, as we cry to cure and 

palliate cancer. 

Second, despite earlier coh^rn$ it -teete likely that 
more patent, more specific inhibitors of P^lyeopr^tein, 
or Inhibitors ofrelated ABC transporters, can be devek 
oped and that . their toxicity would -be reladyely limited . 
and .ri^jiageablev.Thfe comes from the stud- 

ies, vyidi transgenic mice lacking [^glycoprotein, which 
have normal life spans under controlled laboratory con^ 
dkions. Tnese inhibitors will play a role not only in 
fXtisitiiihg to ami' 

cancer drugs, bur also in altering uptake, excretion, and 
cellular distribution of many different drugs. Using 
P-glycoprotein inhibitors it may be possible to give drugs- 
orally that previously required inn^yenotis admihistni- 
t ion or to deliver drugs to the brain thatpreviously were 
only, active outside of die central nervous system. 

Third, it appears diat alterations in the levels of ex- 



pression ;bf P>g!^e^ 

may result from environmental exposures, or from in- 
herited alterations in pathways that regulate expres- 
sion of the NiDJ}/ gene r or inherited pblymoq^hisihs 
wtdtin &e;i^ "geneiouiy.acr 
count .tor %rfa qns ; among.- individuals In dte way 
: they respond to drugs; Such changeseoutd have sub- 
stantial; efiecrs on dnig uptake, distriBu.tian, .and ex- 
xretiqn . It Wil I become tie ce^ary : i n the future to cat - 
alog : these variations in the MDi??] gene and other 
genes, which affect metalx>rtsm r absorption, and ex- 
cretion of drugs, in order to, predict individual re- 
sponses to dirTerenr: drugs. 

Finally, Glpning)of the : yDR / cDHA encoding P- ; 
glycoprotein has, made it possible to transfer this gene 
into drug'sensitive cells ? dlereby conferring multidnig 
resistance on all recipient cells. Because the toxicity 
or anticancer drugs to sensitive, tissues, such- as ep- 
itKelia and; bbhe rnarro\y\ is a, major, dose- liiuiting* 
problem in cancer chemotherapy, the ability to pro- 
tect normal cells from this toxic ity using transferred 
multidrug, resistance genes has been die subject of 
much laboratory and clinical investigation. Although 
such. gene transfer studies are limited by the low effi- 
ciency of existing vector systems and the safety of 
gene transfer of inulddnigte^istaixce genes is yet to be 
established, iris conceivable that multidrug resistance 
genes, such as'MDftl f may prove useful in protecting 
normal tissues from cytotoxic effects of anticancer 
treatment. 
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